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1. Introduction . 

This space bioprocessing contract effort was comprised of four 
general objectives. These were; 1) the evaluation of current separation 
processes! 2) the identification of problems relevant to the separation 
of important biologicals; 3) the Identification of ground-based assay 
methods neev^ed for pre- and postflight aiialysis of space bioprocessing 
separation technology; and U) the establishment of methods to determine 
the efficiency of space bioprocessing separation procedures. 

Several biological disciplines may have been appropriate as an 
avenue for pursuit of these objectives. However immunology was deemed 
advantageous for this purpose because of the diversity of cells and cell 
products involved and the extensive interest being given to their sep- 
aration. Upon recognition of a cellular or molecular agent as foreign 
to the body, the immune system becomes activated to produce cells whose 
function is to destroy that agent and cell products whose function is 
to inactivate the agent and assist in its destruction. Long after the 
agent is removed from the body, some cells remain in a state of readiness 
to continue these destructive actions specifically against that agent 
should further exposure to it occxir. This is the basis of acquired im- 
munity to disease. 

The ability of selected non-hvman mammals to produce immune agents 
suitable for human diagnostic and therapeutic use can be utilized if the 
srecific entities involved are obtainable in sufficient purity and quan- 
tity. This commercial productive capability is limited by the fact that 

3.r"' I ” T,r ft '"li'i.c tcir.* 


I 


sought. For this reason, advances in separation technology have en;)^red 
a strong interest from the iTsaunology community. The potential contri- 
butions of space bioprocessing to separation technology would seem at 
least equally appropriate in this respect. 

Several separation methods were utilized in the contract objectives 
pertaining to the evaluation of current separation procedures. Density 
gradient centrifugation, filtration, adsorption chromatography, electro- 
phoresis, and laser activated cell sorting were studied by various ap- 
proaches to achieve a perspective of current separation technology in 
relation to the potential advantages of space bioprocessing. With some 
methods, actual trials were performed using immune -related biologicals 
and with other methods, a theoretical analysis of the separation capa- 
bilities was performed using literature sources as an important infor- 
mation base. 

The objective to identify problems relevant to the separation of 
j important biologicals was very compatible with the need for improved 
separation capabilities for immune-related cells and cell products. 
Therefore the separation of several cell types and products was studied 
using current techniques as a means of directly observing these problems. 
Lymphocytes, tumor cells, and rheumatoid factors were among these bio- 
Icgicals. 

A third objective, that of identifying ground-based assay methods 
needed for pre- and postflight analytical support of space bioprocessing 
technology, was approached through the study of specific immunological 
applications of generalized assay procedures. Included in these proce- 

ImT'irodil'ru.cicn, , *r.d stainin'’ rethods. Asrars 
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for a variety of cell types and products were encompassed by the range 
of applications of these procedures. 

A fourth objective to establish methods for determining the effi- 
ciency of space bioprocessing separations was approached by considera- 
tion of the requirements for earth-based applications of isolated blo- 
loglcals. The potential quantity and quality of product were considered 
with respect to that required for a justified benefit to earth-based 
operations. 

The approaches used to pursue these objectives will be presented 
in further detail in subsequent sections. The results of this study 
will then be presented after which recommendations for further efforts 
compatible with the goals of space bioprocessing will be given. An 
expenditxire summary will then follow. The last two sections will deal 
respectively with a general summation of the contract effort and the 
conclusions resulting therefrom. 

2. Evaluation of Current Separation Processes . 

In order to assess the potential advantages of space bioprocessing 
technology for separation applications, a preview and prelimirjiry eval- 
uation of several ground-based separation methods were conducted. The 
requirements for obtaining adequate ground-based control data and the 
possible advantages of complimentary separation procedures in the 
Shuttle Spacelab environment were considered in this aspect of the con- 
tract effort. Included in the separation methods considered were density 
gradient centrifugation, electrophoresis, adsorption chromatography, 
filtration, and laser activated cell sorting sv'-tens. 
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a. Density Gradient Centrifugation . 

Because of the versatility of density gradient centrifugation as 
evidenced by the vide range of research areas in vhlcb it is currently 
used, this method was examined in detail as a cell separation technique. 
The increased gravitational force applied to the cells can be controlled 
by the centrifuge speed and the counteractive buoyancy force on the cells 
can be varied by the specific gravity of the gradient medium, Discon- 
timious and continuous gradient columns can be used to yield a finite or 
theoretically infinite number of fractions respectively. Further re- 
finements of separation capability may be achieved by optimising the 
centrifugation period. Temperature must be controlled so that heat dam- 
age to living cells is negligible. In spite of the extensive range of 
controllable factors which can influence the quality of separation, cells 
are still separated on the basis of density. The rather limited range of 
cell densities, particularly between cell types of a common parentage, 
is responsible for a restricted applicability of this separation method. 
Also there must be a sufficient correlation between cell function and 
density for the technique to be practical in isolating specific cells 
with functional homogeneity. Such correlation is not present in many 
cell lines. 

Density gradient centrifugation may be enhanced by the induction of 
alterations in cell density on a pre-selected basis. Density modifica- 
tion techniques such as antibody complex formation, rossette formation, 
and heavy particle ingestion, are subject to disadvantages of instability, 

irr>=V‘ ri-ibi** r-r;:.-', ■'c ir. Icr., ar.u irraired '/lab:' •. ty. The large 
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cell damage and affect subsequent assay procedures such as cytotoxicity 
measurement and viability determination. Therefore density gradient 
centrifugation methods were found to have a rather limited utility. 

b. Electrophoresis . 

Electrophoresis is applicable to the separation of cells and cell 
products. Separation is based upon several determlr^nts. Site, masS; 
and net surface charge are the primary determinants. The combined ef- 
fect of these determinants and •; 'eir correlation to function are such 
that functional homogeneity of the resultant fractions was more pro- 
mising than with mary other separation methods. 

Electrophoresis technology has been developed into a variety of 
systems. Modifications of buffer, field strength, flow rate, sample 
introduction, supporting medium, geometiy, and spatial orientation have 
been used to improve the separation capabilities of this basic method. 

In the early electrophoretic systems, gravity was not considered much of 
a limiting factor for obtaining purity or quantity of product. As 
electrophoresis technology progressed, the effects of gravity in lim- 
iting the separation capabilities became more significant. 

Two major influences of gravity upon electrophoretic systems are 
sedimentation and convection. Sedimentation of particles impedes their 
mobility and may also promote a clumping effect. Convection currents 
arise from heat produced by the electric field current in a one-gravity 
environment. A horitontally rotating electrophoresis system has been 
developed as one means of reducing these gravitational effects. At best 
■r:, r:* ir.' •■"-r'-rr, cnr> orJy r'.:. :-;.ze the efI'ectL gravity and di:;- 



6 


REPRODUCIBILITY OF iMl 
ORIorWAI. PAGE IS POOR 

tribute them unlfoxnnly throughout the column but this can not be con- 
sidered the equivalent of a near-cero gravity environment. In addition 
these rotational forms of electrophoresis systems have been burdened 
with their owi unique distorting influences. 

Other variations of the electrophoretic basis of separation have 
resulted in a diversity of systems. Some designs are directed toward a 
high quality of purity in separation and others toward a high volume of 
sample throughput. One approach, continuous flow electrophoresis, seems 
to incorporate both of these advantag^rs. It is this approach which 
seems most promising as a space bioprocessing separation method because 
of this dual utility. 

c. Adsorption Chromatogra phy. 

Adsorption chromatography is similar to electropbojresis in that 
separation occurs as a suspending medium is passed through a matrix. 
However with adsorption chromatography, the matr->x particles are coated 
with a molecular species having a selective affinity for a particular 
solute. This affinity is based primarily on chemical structure and is 
only as specific as the selectivity of the binding agent. The use of 
immune-reactive compounds as blTiding agents renders this system of some 
potential value In Isolating antibodies and antigens. It is also pos- 
sible that if sufficiently selective antibodies to functionally homog- 
enous cell populations could be obtained, affinity chromatography would 
have a potential capability for separating cell typos as well as cell 
products. 
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A relatively large volume of sample can be handled by this method 
and the binding agant can be recovered for reuse. Gravity is not con- 
sidered a major interfering factor so that there is no apparent advan- 
tage of using this system for inflight space bioprocessing. However it 
may be of benefit in pre- and postflight procedures, 

d. Filtration . 

The filtration methods examined consisted of ultrafiltration and 
gel filtration. Ultrafiltration is a separation technique applicaWe to 
raacromoleciilar separation.^ and is based upon sdse alone. For this reason, 
it has a very limited value in isolating specifically reactive imxmmo- 
globud-ins in a suitably pure stale. It does seem useful for preliminary 
preparative procedures ho'.:ever. 

Gel filtration utilizes a combination of determinants, size and 
d iff us ability, to separate molf'cular entities. The basis of gel filtra- 
tion is that the n.ow of smaller molecules through a column of §•! beads 
under proper conditions, can be retarded by diffusion of these smaller 
molecules through the gel matrix. Because larger molecules are not able 
to enter the matrix pores, they flo.. through the column at a faster rate. 
Although size and diffusability in the gel medium are the primary deter- 
minants, adjustments of pH, gel density, homogeneity of column packing, 
and temperature can be optimized for particular separations. The rela- 
tive insensitivity of gel filtration for biochemically similar but func- 
tionally distinct compounds is sufficient to severely restrict its use- 
'' ' ’ ‘I .'.in Vo coo Jored a f:.- oreparative oec- 
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e. Laser Activated Cell Sorting . 

The laser activated cell sorting method was investigated because It 


is considered by many as the most recent major advancement in separation 
technology. It can be used for separation of cells or particles of 
macromolecular size. The cells or particles are coated with a fluores- 
cent material and individually passed through a narrow channel. Fluo- 
rescence occurs when the cell or particle is struck by a laser beam 
directed across the channel. The fluorescence is detected and measured. 
The cell or particle type is categorized by the amount of fluorescence 
measured. This information is then used by a computerized control system 
to deterrdns the deflection of the flow path to preselected receptacles. 

Several advantages are present in this method of separation. A 
separation of cells or particles on an individual basi is possible and 
a very largo throughput can be handled automatically. A large amount 
of flexibility is possible by reprograming the computerized controller 
processor. The selectivity of this system seems limited by the number 
of fluorescent coatings available. However there is promise of an in- 
creased number of coatings as the potential applications of this system 
are developed. 

The major disadvantage of this system is economies. The current 
price is approximately $116,000. The sophistication of technical per- 
sonnel required for its operation is also an economic drawback. 

However the quality of separation appears very promising. Although 
its use as an inflight procedure does not seem justified, it would be 
very useful in preparative separation of cell or molecular lixtures prior 
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to space bloprocessin^ separation nethoda within the Shuttle Spaeelab 
environment, 

3* Idontlflc.ition of Problems Relevant to the Separation of Important 
Biolo picals, 

Laboratory exercises in representative jranunologic applications of 
current separaiuion technology wore perforcied to provide first-hand exper- 
ience with research problens that may benefit from space bioprocessing 
separation procedures. These applications will be discussed with em- 
phasis of their relevance to spruce bioprocessing. Three specific sepa- 
ration applic.i^lions were studied; isolation of tumor cells, separation 
of lynphocyiic subgroups, and isolation of rheumatoid factors. 

a. Isol ation of liirnor Cel ls, 

TviiMor cells present a unique challenge to the surveillance function 
of the sy3t(?a. In one respect, they may not be easily recogniz- 

able as foreign to the body because they arise from endogenous precursors. 
In anothoi. espect, their usually degenerative nature renders them physi- 
ologically foreign to the body. This endogenous parentage of tumor cells 
is thought responsible for a weakened antigenicity of these cells. This 
decreased antigenicity and the interspersion of normal cells within 
tumorous tissue were considered justification to attempt the isolation 
of tumor cells from t\unorous tissue for possible clarification of the 
immune mechanicras in operation. 

The method of cell separation considered initially was -entrlfu- 
^ rrsdient of Flcoll-Hj’raquc 196M; Tors- 
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twenty ulnutes in a solution of 10 ml. of 9.0 % Ficoll and 2.75 ml. of 
50 % sodium bypaque removed erythrocytes from the suspension but had 
little additional merit. 

Therefore a second approach of density gradient centrifugation was 
attempted using discontinuous albumin solutions as the gradient column 
(Dickie, 1975). The colloidal i^ature of albumin in solution is a retar- 
dant to the mixing of different layers in the gradient column, thus en- 
abling a multiphase density separation column. Albumin, like Ficoll- 
Hypaque, is non-toxic to cells. 

Several combinations of albumin solution were tried for the purpose 
of determining the combination most suitable for tumor cell separation. 
The range of concentrations of these solutions was from 7 $ to 27 55 
albumin. Cell viability, msasured by a dj'-e exclusion (Hanks and Wallace, 
195 o)» was used to indicate fractions with an enrichment of living cells. 
The purity of fractions was determined by staining rsethods. Although 
Initial results were indicative of some potential for this method of 
tumor cell separation, the variation in purity and viability between 
tumor cell sources and between fractions seemed too great to achieve a 
predictable separation pattern by centrifugation. 

An earth-based method more appropriate for separation of tumor cells 
may be laser activated cell sorting. However no opportunity to test this 
possibility was available. The applicability of laser activated cell 
sorting for turaur cell separation is also dependent upon the availability 
of an adequate fluorescent marker for these cells. 
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A very tenuous riability of tumor cells upon removal from a host 
enrlronment was observed in these studies. This may render them a poor 
candidate for apace bioproceasing separation procedures. However they 
should not be ruled out on this basis alone since it may be possible to 
establish conditions that would overcome this disadvantage as the Shuttle 
program develops. 



Lymphocyte subgroups seem more appropriate candidates for space 
bioprooessing separation. Techniques for extensive cell culture, re- 
quirements for prolonged viability, several assay methods, and a broad 
spectrum of clinically relevant research interest have been established 
for these cell types. 

Lymphocytes are critical to a normal immune response. Their role 
in the various steps required for immine function is accomplished by 
several distinct subgroups. At least five categories of lymphocytes are 
now thought to exist. These are B-lynphocytes, T-lsrmphocytes, effec- 
tor cells, suppressor cells, and killer cells. The availability of 
homogenous preparations of these cell types would be of great importance 
in the study of their mechanism of action. However, an even more impor- 
tant advantage of their isolation may exist because of the immune- 
mediator substances they may produce. The culture of pure subgroups 
may enable the earth-based recovery of these products on a commercial 
scale. Therefore a preliminary study of current methods of lymphocyte 
separation was considered very compatible with the potential development 
of trice bioprooessing applications. 
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Two density gradient centrifugation methods were evaluated for the 
separation of lymphocytes, A continuous phase of Ficoll-Hypaque solu- 
tion was the gradient in one approach and a discontinuous phase of 
albumin solutions was the gradient in the other. The method with Ficoll- 
Hypaque is a commonly used procedure for separating lymphocytes from 
erythrocytes in solutiens of whole blood. However no apparent advantage 
of this method for separating lymphocytes into subgroups was evident in 
these studies. 

The use of albiunin solutions as a gradient seemed more appropriate 
for preparative separation of lymphocytes into subgroups. A sharp de- 
lineation of fractions and an extensive versatility were possible by 
utilizing different combinations of albumin solutions differing in con- 
centration, Because a very limited number of cells can be handled per 
gradient col'omn, this method is not very suitable for large scale prep- 
arations of lymphocyte subgroups. Also the poor homogeneity observed 
in the fractions was not very supportive of this method for isolation 
of these subgroups. 


c. Isolation of Rheiinatoid Factors . 

A macromole cular separation method based upon adsorption was used 
in the isolation of rheiimatoid factors from plasma. Elevated titers of 
rheumatoid factors are found in the plasma of patients afflicted with 
rheumatoid arthritis. These rheumatoid factors are immunoglobulins, 
presumably of the class, and have an affinity for IgG immunoglob- 
ulins, Such affinity is utilized in removing the rheurr^toid factors 
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releasing the rheumatoid factors. This separation procedure served as 
an excellent example of molecular separation techniques involving affin- 
ity by weak bond formation. Rheumatoid factor was considered an impor- 
tant candidate for separation because of the observation in this labor- 
atory that it may be responsible for complement-dependent injury to 
tumor-derived cells but not cells from normal tissues. This was sug- 
gestive of a functionally specific subgroup of this immunoglobulin class. 

Therefore plasma with high rheumatoid factor titers was adsorbed 
using aggregated human gammaglobulin and then eluted with glycine-phos- 
phate buffer (pH (DeCarvaiho et al,, iy6U; Torrigiani et al., 1970). 
The eluted rhuematoid factor was resuspended in phosphate-buffered saline 
(pH 7.2) and reduced by vacuum dialysis to the volume of the original 
plasma (Heimer and Schwartz, I96I). 

Semi-quantitative assays for rheumatoid factor activity were per- 
formed on the dialysate and approximately 50 J of the original activity 
was isolated in the dialysate. However unnuno-assays of the dialysate 
were indicative of substantial impurities. A continuous flow electro- 
phoresis separation method was used in an attempt to remove these impur- 
ities from the dialysate. Four fractions resulted but rheumatoid factor 
activity was detected in only three of these. The fourth fraction, al- 
though void of rheumatoid factor activity, contained U3 % of the protein 
present in the original dialysate sample tested (Griffin, 1976). This 
was evidence of the need for improved purity of immune -related compounds. 
The specificity of adsorbing agent appeared to be the limiting factor in 
the adsorption separation method, A superiority of electrophoresis over 
pr;3orrt:on methods was also acmoiv.'traf-'^o rv tr:; '.rnreise. The advan- 
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tagea of electrophoresis may be even greater in electrophoretic systems 
developed for space bioprocessing inflight use. 

li. Identification of Ground>3ased Assay Methods Needed for Pre- and 
Po .. tf light AnaJysis of Space Bioprocessing Technology . 

It would be impossible to precisely and completely identify the 
ground-based assay methods needed for analytical support of space bio- 
pre '.essing at this eariy stage of its development. Therefore some basic 
as£ xy methods with a broad spectrum of existing and potential applica- 
tions were studied and evaluated for their general applicability to 
spa :e bioprocossing. These methods were immunodiffusion, cytotoxicity, 
ard cell specific staining procedures. 

a, Imrunodif fusi on. 

Intuunodiffusion is a method which was developed into extensive ana- 
_.ytiCTil capabilities by Oucterlony (1958). It is useful primarily for 
detrccing and measuring immune-reactive compounds. The rheumatoid factor 
dialysate was used as the test material in this effort. Diffusion was 
c?.rrn.ed out in an agarose medium against several different imimme-reac- 
tive gi'oups. It appoared that the major protein impurity in this dial- 
ysate vas of tht IgG class of immunoglobulins. Immunodiffusion was found 
to be ext-omsly sensitive and could detect even trace amounts of immuno- 
glob' ins, 

\i . Rossette Fornation . 

Another bioassay method studied was that of rossette formation. 

Tr;i proC' Cc'L-cd uren r-^.actjcns bvtween cell?' 


and immunogiob- 
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ulins on cell membranes. A common variation of this method is used in 
assaying for B- and T-lymphoeytes. Certain lymphocsrtes are able to form 
rossettes by binding with untreated sheep red blood cells or with immune- 
activated St jep red blood cells. The technique is not as reproducible 
as desired and individual technical skill seems a significant factor in 
its successful performance and reproducibility. 

Another significant variable in this assay method is the source of 
sheep red blood cells. An adequate standardisation source for these 
assays is not yet available but perhaps a purified cell fraction obtained 
via space bioprocessing could be used to initiate this standardisation. 

In spite of the variation in this assay method, acceptably consistent 
resxilts are possible if careful technique is exercised and the sheep 
erythrocyte source is kept constant. 

c. Cytotoxicity . 

Ur.der appropriate iianune stimulation, cells can be made susceptible 
to damage in the presence of fresh complement. In this manner, cytotox- 
icity assays nay be used to measure the effector substance or the target 
cells. This dual capacity renders this assay method of great potential 
value. 

Because rheumatoid factor appeared to be cytotoxic to tumor-derived 
ceUs, it was used as an avenue to study cytotoxicity assay techniques. 
Incubation of target cells with rheumatoid factor and fresh plasma was 
conducted by previously established procedures (Klein, 1971; Stewart 
and Goldstein, 197U). Controls were similarly treated except the plasma 
was heated to ir.act:rr,te the ccrplcment. At this r,rirt, cell viability 
could bu reasured by the Trypan blue cxciusicn r.ett.cd \ Hanks and Wallacu, 
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195o). However this method seemed sensitive only to cells with consid- 
erable damage. A more sensitive method was found to be protease diges- 
tion of damaged cells (Stewart and Goldstein, I 97 I 4 ). 

This cytotoxicity assay method was used to evaluate differences in 
the fractions obtained from density gradient centrifugation. The results 
were not suggestive of any s\xitable degree of purity in those fractions 
but they did suggest a trend towards two distinct cell populations. The 
development of antibodies against specific cell types might be a valuable 
adjunct to the application of cytotoxicity methods for cellular assay 
capabilities. 


d. Staining Methods . 

Another approach to analysing the cell separations ptiformed in 
this contract effort was that of hictochemical staining procedurr s. In 
addition to commonly used Wright's Hematoxin stain for the identifica- 
tion of leukocytes, a recently developed immuno-peroxidase method spe- 
cific for certain sub-groups of lymphocytes was also exarndned. The 
applicability of this immuno-peroxidase method is presently limited to 
lymphocytes containing IgG or IgM on their surface but can bo expaiicled 
as more immunoglobulin classes and subclasses are isolated in sufficient 
quantity and quality for the production of additional staining agents 
(Taylor and Skinner, 1976; Taylor and Bvirns, 197U). 

The specificity of immunoglobulins and their receptors on cell mem- 
brane surfaces are considered by many to be a principle functional deter- 
minant in effecting cell -mediated immune reactions (Marchalonis, 1975; 
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197U; Scorm, 1976; Metzgar et al., 1975; Kolata, 1975; Kulczycki tt al., 
191h; Irie and Norton, 197U). Therefore further development of immuno- 
peroxidase staining techniques may enable assays for Isrmphocyte sub- 
groups that are highly relevant to their functional status. A verj' de- 
sirable feature observed in the use of these immuno-peroxidase stains 
was that the cells containing the appropriate immunoglobulin on thsir 
surface were extremely evident while other cells were completely void 
of ary evidence of reaction with the stain. This apparent all-or-r.one 
response would be veiy useful in eliminating error rising from sui.-*ec- 
tive interpretation of cell types, 

5. Efficiency of Space Bioorocessing Separation Proccdurer: . 

In considering the efficiency of space bioprocessing separation 
procedures, attention must be given to the expecleu niuimuin lequivt.. .jii;,. 
to effectively achieve earth-based applications of these procedures. 

This will include functional integrity, purity, and quantity. The prooe- 
that is recovered must satisfy the functional requirements to be usable. 
Therefore it is essential that decreased viability or altered function 
does not occur in the product as a consequence of the process. Tl;e re- 
quired purity of product may vary depending on the specific compoi>nds 
involved. For example, some compounds are very antigenic and as irrpur- 
ities may induce a disproportionate amount of immune reactive substances 
if antibodies were produced from the separated product. Requirements 
pertaining to quantity also will vary from one separation to another. 

This is particularly tnis for immune-related substances. The purifica- 
tj r. c-' rro--r.'=G.r" fer r- > -.pqur-r.t r-^rr^uction of 

bodies iS represenpative of this variation in requirement. Some antigen:; 
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are capable of ellicitlng antibody production of as nueh as 100,000 
tines the weight of antigen. Others are not as stinulating to the 
inimine system. 

6. Results . 

As a consequence of these efforts, several features related to 
current separation technology, to problems associated with the separa- 
tion of biologicals, to assay methods, and to determining the efficiency 
of space bioprocessing technology became apparent. 

Separation methods based upon siae and mass do not seem very pro- 
mising for advancements in the separation of functionally specific bio- 
logicals. Centrifugation and filtration methods are among these. There 
did not seem to be sufficient differences in sise and mass of the bio- 
logical entities whose separation was desired to enable their separation 
on that basis. Since these separation methods are not significantly 
hindered by gravity, there was no apparent advantage to their use as 
primary inflight space bioprocessing procedures. 

Separation systems whose principle of action is selective affinity 
binding also do not appear directly advantageous for inflight space 
bioprocessing procedures. The significant limiting factor observed in 
these systems was the specificity of the binding agent, Gravity is not 
considered directly responsible for limiting the utility of these sys- 
tems but indirectly it may be a factor in restricting the availability 
of more specific binding agents. 

Electrophoresis utilises size and mass and also electrochemical 

’ilectr-ih'Dr-jri." cignif icantly 



T 


T 


19 


limited by gravity and therefore may be enhanced by operation in the 
near veightlessness of the Shuttle Spacelab* Of the separation systems 
examined in this studyi those based upon electrophoretic methods seemed 
most appropriate for inflight space bioprocessing procedures. Also the 
quality of separation even under ground-based restrictions, was found 
advantageous over other methods in purifying the test material used in 
this study. 

The separation of biologicals presented some unique challenges to 
separation technology. In addition to being able to isolate the bio- 
logical entity, a biological sept-ration procedure must often be protec- 
tive of the functional ability of the product. This requires very deli- 
cate handling prior, during, and after the separation process. In cases 
of cell separation, the membrane surface often contains the determinants 
that render a coll functionally distinct from other cells of similar 
structure. Electrophoresis and affinity binding systems utilized this 
surface chemistry for separation and appeared most sensitive to func- 
tional differences in separating biologicals. However as stated pre- 
viously, electrophoresis was the only method that appeared of potential 
advantage for inflight space bioprocessing procedures, 

A major drawback observed for cell electrophoresis was the absence 
of suitable standards. A purified cell line of stable and extensive 
availability would provide a means of predicting mobility for space bio- 
processing separations and enabling an improved correlation of cell assays 
between laboratories. One result of the rossette formation assay pro- 
cedures was a strong indication of the need for a standardized cell prep- 
aration for intarlaboratory cerrelai lou of tte':" aas?.-r>. 
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An indirect relationship of other separation systems to space bio- 
processing was apparent in this study* The binding agents used in con- 
structing the affinity separation columns could be purified by space 
bioprocessing procedures and used for earth-based separations. Since 
many of these agents are recoverable from the columns and their produc- 
tion may be cultured by animal immunization procedures, the usage derived 
from one flight may be quite extensive. 

Another separation problem that may be alleviated by space biopro- 
cessing is that of uneven packing of gel filtration columns. Column 
preparation on earth does not result in an absolutely homogenous density 
distribution of matrix material. This can be a limiting factor the 
quality and efficiency of some separations. 

Of the assay procedures studied, none seemed completely adequate to 
meet the potential requirements of space bioprocessing. However these 
assay procedures were dependent in varying degrees upon existing earth- 
based separation technology. As separation technology is advanced by 
space bioprocessing, the opportunity for improved assay procedures 
should follow. Therefore these assay procedures in their present state 
should be considered only as temporary supporting iieasures for space bio- 
processing technology. 

Cytotoxicity-based assays seemed to most sensitive but these are a 
destructive fonn of assay. The amount of material required for cyto- 
toxic analysis may be a drawback in some cases. An apparent alternative 
was that of cell-specific staining methods as represented by the immuno- 
peroxidase stains. Very little material was required since this is a 
r t,. * r ' c:' ' . -specific assav; 
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seemed currently limited by a lack of the specif jally reactive agents* 

This limitation may be lessened by space bioprocessing separation pro- 
cedvires as well as -further earth-based developments of these agents. 

Purity, quantity, and viability were often unsatisfactory and were ^ 

the limiting factors in the successful application of mai^ earth-based 
separation techniques. Although purity and quantity may by improved by 
space bioprocessing, viability may not, A dependence of viability on 
proper handling was observed in this study and may become a major factor 
in the limitations of space bioprocessing. In this study the increased 
sensitivity of the protease digestion method in comparison to dye ex- 
clusion measurement for detecting minimal cell damage was veiy evident. 

There was no evidence that this minimal damage did not influence cell 
function. Therefore the protease digestion method would seem the pre- 
ferred one for the assessment of viability under space bioprocessing 
conditions. 

Tumor cells exhibited an extremely poor viability within a short 
time after their removal from the host environment. In spite of the 
potential research value of their separation, this poor vaibility might j 

render unsuitable their separation by space bioprocessing. 

Lymphocytes seemed more compatible with space bioprocessing in this 

/ 

respect. Their viability was far greater and enduring. The amenability 
.f lymphocytes to maintenance through established culture techniques, 
the broad range of clinical research interest given them, and the inade- 
quacy of current separation methods in isolating functional subgroups 

als^ support tn-»m as sracc oi ?T:nr<is.sLn,'^ -j iridic "ites, ' 
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Immunoglobulins and antigens were found to contain an extremely 
vast mniber of worthwhile components whose isolation would be of great 
significance and value to the biomedical community. The potential bene- 
fits of this capability to therapeutics, diagnostics, and research were 
found to be equally ijnpressive. 

7 . Documentation and Technical Support for the NASA/J3C Bioprocessi • 'a 
O ffice . 

Throughout the contract period, a portion of the effort was dir^wcj 
toward support of the activities of the KASA/JSC bioprocessing office. 
These activities were varied and dependent upon the requests of the bio- 
processing office at that time. Supporting documentation for Shuttle 
experiment proposals, responses to administrative correspondence, assist- 
ance in planning and arranging a Colloquium on Bioprocessing held in 
March, surveys of technical literature, and technical input to biopro- 
cessing related developments were among these activities. Proposals 
relating to the separation of cytotoxic cell factors, cell culture 
biosynthesis, electrophoretic behavior of plant cells, and multiphase 
partition separations were involved in these efforts. Extensive sup- 
port was also given to the preparation of a program plan for space bio- 
processing including technical evaluation of objectives, mechanisms for 
efficient development and implementation of experiments, and identifi- 
cation of projected hardware development requirements. 



8. Experiment Proposals 


Technical support of the Bioorocessing program at JSC resulted in an 
example experiment submitted to the Life Sciences Spacelab Mission Develop- 
ment test series and a formal proposal to the Announcement of Opportunity 
for the first SpacdaL/ Mission (AO-055-76-1 ). 

Proposals :1) Separation of Cytotoxic Cell Pectcrs", proposal no. 92, 
on June 19, 1976. 

2) "Separation of Cytotoxic Cell Factors, proposal for JSC 
Spacelab flission Development Test III, August D, 1D7C. 


9 . P.eeo Tj nendatirr.3 , 

In pursuing these contract activities several aspects related to 
space bioprocessing became evident. Some aspects were strongly plausible 
and others were not. Therefore it was deemed appropriate that seme roc- 
orr.cndations should be expressed based upon viiit was learned dui'ing wj-k.- 
conduct of this contract, 

a. Cell Separations . 

Several areas of cell separation were identified as potential bene- 
factors of space bioprocessing. Tne separation of lymphocytes subgroups 
would be of importance to the clarification of immune response and refru- 
latory mechanisms, Ptire preparations of B- and T-lymphocytes might 
serve as primary standards for associated assays. Alternatively, a pure 
preparation of sheep erythrocytes specifically reactive with B- or T- 
lyrophocytes could be obtained by space bioprocessing for this purpose. 
With appropriate ground support from animal geneticists and the Buieau 
of Standards, secondary standards could be established and maintained. 
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Such a standardized cell preparation could also be used for com* 
paring electrophoretic mobility measurements from one system to another. 
The use of a standard living cell line would be of significant benefit 
in establishing predictive indices of mobility of unrelated cell types 
imder consideration as candidates for space bioprocessing separation 
technology. Such a predictive capability would facilitate the optimi- 
zation of the tiparation system prior to flight and also support advances 
in ground-based electrophoretic, separation of cells. 

Other potential candidates for cell separation in space biopro- 
cessing are cells derived from endocrine tissues. Hormone-producing 
cells could be cultured follcvdng their isolation and used for commerc- 
ial sources of their respective products. This concept was tested in 
the Apollo-Scyuz mission viher. urokinase-producing renal cells were 
sepa- 'ted and analyyed for productive potential. The resvilts of this 
experiment are very encouraging to further space bioprocessing appli- 
cations. 

b. Cell Products . 

The separation ai:d purification of cell products by electrophoresis 
within the Spacelab environment coxild offer several potential applica- 
tions of space bioprocessing. Antibodies, antigens, and cell mediators 
are included in this category. Antibodies produced in response to 
specific disease agents could enable the development oi diagnostic tests 
for these agents. Purified antibodies of specific affinity for other 
biologicals could also be used in conjunction with absorption methods of 
.-“raration to arhievo imnrc /ed ’-.uriT.r vir.r those m-'th'os in one crravi-' 
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It may be even more productive in some cases to isolate antigens by 
space bioprocessing and use them for earth-based production of anti- 
bodies in laboratory animals. Antigen purification may be preferred 
because some antibodies can have cross reactivity. 

An example of the potential impact of this application is exempli- 
fied by tumor-related antigens. In nanj’’ cases tumorous tissue is thought 
to release molecular entities chai-acteristic of the embryonic form of 
the parent tissue when damaged by physiologic responses. These molec- 
ular fragments can be made antigenic by proper animal immunologic tech- 
niques. The resultant antibodies could then form the basis of ijrr-.ujio- 
assay screening tests for the tissue-specific neoplasms. A cor.bination 
of such assays for the more prevalent cancers could enabDe a relatively 
inexpensive and practical means of mass screer.inr capability for the 
early detection of cancer. The potential economic value of such a diag- 
nostic benefit is indicated by considering the current expenditure fcr 
cancer detection methods practiced at present. An assay system of this 
type has been developed for carcinoembiycnic antigen which has some cor- 
relation to stomach and upper intestinal necplasiiis. However this concept 
could be greatly enhanced by improved separation capabilities. 

Regulatory factors, such as those associated with immune-responsive 
cells and synaptic junctions would be useful in purified form for their 
structural characterization and subsequent s3mthesis of pharmaceutical 
analogs. The medical implications of this achievrient would be signifi- 
cant to both research and clinical advances. 
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c. Technology for Bioprocessing Laboratory at NASA/JSC . 

As potential applications of space bioprocessing ’became apparent, 
the need for a bioprocessing support laboratory located at the Johnson 
Space Center became more evident. Preliminary hardware and analytical 
requirements for such a basic s’upport laboratory caii be developed from 
experience gained vrith relevant laboratory methods. 

The minimum hardware requirements should consist of a refrigerated 
centrifuge, light microscope, fluorescent microscope, carbon dioxide 
incubator, refrigerator, freezer, weighing balance, ultra-filtration 
cell, dialysis system, sterilizer, and gel electrophoresis system. 
Additional requirements should be expected in response to further devel- 
opment of space bioprocessing applications, A tremerJous advantage would 
result if sufficient support were also available to provide a laser 
activated cell sorting system. 

Support for a broad spectrum of interests in space bioprocessing 
experiments would be possible if techniques associated with cell cultiire, 
identification of B- and T-lymphocytes, fluoroscsin conjugation assays, 
dialysis, molecular filtration, and imnrune-ccll specific staining were 
available. The foreraentioned hardware requirements are compatible with 
these analytical capabilities. 

Perhaps a suitable material for use in developing cell separation 
methods within this bioprocessing laboratory would be lymphocytes de- 
rived from mouse spleens. This is a readily available source and would 
be representative of many cell separation characteristics, A secondary 
benefit could be forthcoming early in the space bioprocessing program 
i:' cf B-i'.-rT'’5ocin.0 3 cr-: be obtained 
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the development of separation technology. A very sensitive tbym.c hor- 
mone assay valuable to inriunologic diagnosis has been developed recently. 
However this method rrquircs B-lyir.phocytes in relatively pure fractions. 
The purity of these cells is obtainable currently only from athjTa’c mouse 
spleens but this requires the tremendous expense of maintaining isolated 
colonies of these unique mice, A means of obtaining B-lymphocyte frac- 
tions from normal mice would obviate this expense and place this capa- 
bility for thymic hormone assay within the budgetary constraints of most 
laboratories. 


d. Separation Criteria . 

Periodic reviews of separation criteria should occur as separation 
candidates for space bioprooessing are developed. Viability, r* quired 
purity and quantity, and consideration of current, advanc-.s in earth- 
based technology should be included in these reviews. This will ensure 
that separation candidates are not flown unnscessarily that the 
I latest relevant separation technolofty can be incerq^orated into spaco 
bioprocessing procedxires. 


e. H ardware Development and Testing Reouircrents . 

The availability of the Shuttle flight sireiJ-sticn facility should 
be taken advantage of at least twice prior to find approval of any 
hardware systems. The fidelity of space bioprocessing experiment simu- 
lations should be as realistic as possible and encompass such areas as 
logistics, storage, waste disposal, power and timeline requirements, 
compatibility with other experiment requirements, exercises in correc- 


l_cr; of nrebabie malfunctions, .-.no antic: 
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10. Stirunary . 

During the twelve months of this contract effort, experience was 
gained in the aret;s of iirj.junolog;,’ research, separation procedures, assay 
methods, and space bloprocosrlng requirements and was utilised in devel* 
oping potential applicaticns of space bioprocessing. Separation methods 
of cells and cell products were examined, including density gradient 
centrifugation, affinity chromatography, filtration, electrophoresis, 
and laser activated cell soi-ting. Cytotoxicity analysis, rossette for- 
mation, imminodif fusion, viability, and staining procedures were amonr 
the assay methods exaninc-d. Several potential applications of space bio- 
pi^3cocsing ware identified arrf reconjrendations Mere made pertaining to 
the further develcpnsnt of space bioprocessing. Soma requirements for 
in-house support of space bioprocessing were also identified. Based 
upon this experience, several conclusions were i-eached that would sug- 
gest that current technology is not entirely satisfactorily for support 
of space bioprocessi ng tut will have to be developed further in selected 
areas concommittantly with space bioproccssing technology. 

11, Conclt7sion3 . 

This contract effort was a very appropriate means to study space 
bioprocessing applications to biomedical research areas associated with 
immunology , Based upon this study, several conclusions were suggested: 

a) Current separation methods are inadequate to meet the future 
needs for separation of biologicals important to biomedical research and 
industry. 

b) Electrophoresis appeared to be the only separation method suit- 
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c) Separation systems based on chemical affinity such as adsorp- 
tion chreratography may be improved indirectly through space bioproces- 
nin: by a greater availability and purity of binding agents. 

d) Gel filtration methods may benefit indirectly from space bio- 
rrocessing through improved homogeneity in column packing. 

e) Satisfactory assay systems were not apparent for functionally 
rrscific cells and cell products to the degree of refinement potentially 
required for anal3rbical support of space bioprocessing. 

f) A lack of acceptable standards in many cellular assay systems 
suggested and will have to bo developed before or concommittantly 

space bioprocessing separation techniques for a meaningful anal- 
y:.ic of the results. 

g) Cell preparations with standardized electrophoretic mobility 
'.’'0 needed for both space bioprocessing and earth-based systems. 

h) Lj"ir.phocyte subgroups, tumor-related antigens, and immune func- 
tion ii<eui&tors seem the more promising candidates initially for space 
’.vloprocessing separations. 
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ABSTRACT In this survey (or rheumatoid factor (RF) 
aeropositivily on patients with neoplasms, an 85% rate of pos- 
itive screening tests was recorded under certain circumstances. 
This high rate of RF seropositivity occurred after irradiatinn 
and/or chemotherapy of breast and lung cancers. Treated pa- 
tients with breast cancers who had no evidence of residual 
tumor had an 89% rate of positive RF tests. Conversely, the in- 
cidence of RF seropositivity was low among untreated patients 
with similar tumors and treated patients with glioblastomas or 
multiple myeloma. The administration of cytotoxic dnigs (e.g., 
azathiprene) was not itself associated with RF production even 
in renal allograft recipients. The data indicate that RF pro- 
duction occu.’s frequently after therapy of certain tumors and 
suggest that in these circumstances RF may be an expression 
of tumor-host interaction. 


Rheumatoid factor (RF) is detected by routine lalH>ratory 
techniques in serum from £4% of healthy adults under 65 years 
of age (1-3). About 13-20% of unselected patients with 
malignancies are RF seropositive (1,4, 5), and RF has been 
eluted from neoplastic but not from adiacent normal tissues (3i. 
The relevance of this antibody response to tumor-host inter- 
actions is not known, nor are circumstances that cause it to 
occur. 

Most RFs are IgM antibodies to anti^;enic determinants in 
IgG. In general, IgM is a more effective activator of comple- 
ment than IgG (6, 7). However, the effect of IgM-RF on com- 
plement mediated reactions is variable (8-11). For example, 
IgM-RF induces complement-mediated neutralization of 
herpes simplex virus complexed to IgG antibody (9). However. 
RF may inhibit complement-mediated phagocytosis (10) and 
lysis ( 1 1 ) of erythrocytes sensitized with IgG antibody. The basis 
for this difference in the interactions of complement. RF. and 
antibodies of the IgG class is not known. 

This report presents evidence that RF is readils' detected in 
serum from many patients with solid tumors and that conven- 
tional therapy of these tumors contributes to the occurrence of 
this antibody response. 

PATIENTS AND METHODS 

All subjects included in this study were under 66 years of age. 
The diagnosis was confirmed microscopically in all cases of 
malignant disease. The following subjects were included in the 
serologic survey (or RF: (a ) 56 patients with breast cancer, ib) 
42 patients with squamous cell carcinoma of the lung, (r) 21 
patients with multiple myeloma, (d) 12 patients with glio- 
blastomas, ie) 21 patients without knowm malignancy receiving 
cytotoxic drugs for the purpose of immunosuppression, and (f ) 
21 healths’ \ohin*r*ors Th’rf' seve’’ "f the p.f'ifrif ss ithhr ;iM 
can'’«T and .lil IJ r.iU'-nt^ svilii lun j , .nii-r iud imrevi-t.iim- 
and ssidelv rr.ft.i.st.i:-i/.i’(i !,ropi.i>ms Trc.ilinen’. mrliidi’U ina- 


AbbrevUtions: Ig, immunoglobulin: RF. rheumatoid factor. 

* Reprint requests to J. J. Twomey. M R. V. A. Hospital, 2002 Hol- 
combe Blvd., Houston. Texas 7721 1 


diatinn (3500-4500 R or 35-45 )/kg) from a cobalt source and 
administration of various chemotherapeutic agents intrave- 
nously in dose schedules dictated by patient weight, clinical 
status, find drug tolerance. These drugs included cyclophos- 
pbainide, vinblastin, methotrexate, 5-fluorouracil, thio-TEPA, 
.".nd steroid.s. Multiple myeloma was treated with irradiation, 
melphalan, and, in selected cases, steroids. Glioblastomas were 
treateil ssith irradiation to the head and with steroids. Most 
patients had received prolonged courses of therapy before their 
serum was tested. Nineteen patients with breast cancer had no 
apparent residual tumor after radical mastectomy and had 
received “pi ophy lactic" irradiation and chemotherapy before 
they were tested. Of the patients receiving cytotoxic drugs, 
which were administered for immunosuppression, 11 were 
renal allograft recipients and 10 had multiple sclerosis. The 
renal allograft recipients were receiving 100-175 mg of aza- 
thioprene and up to 20 mg of prednisone daily; patients with 
multiple sclerosis were receiving a/athioprenc at 50 mg,/ day. 
Sera v (••••,• tested for RF at 1:20 dilutions with glycine-saline 
buffer u iiip hitcv n.irticles coritcd with Cohns Fraction 11 
■ (Hyland Lalxiratories). 

RESULTS 

The resuhs of the serologic survey for RF are listed in Table 1. 
Twents of the 21 patients with breast cancer and 15 of the 21 
patients with lung cancer who had extensive tumor involvement 
and had prior irradiation and/or chemotherapy were RF 
seropositive. The findings did not appear to be influenced by 
the type or duration of treatment. Despite the absence of de- 
tectable u sidual tumor, 17 of the 19 treated patients with re- 
sected breast cancer were also seropositive. These rates were 
.significant Iv higher than those recorded on the 21 healthy 
subjects, nf>ne of whom was seropositive ( P< 0.(X)1 by chi 
square tests). In contrast to the treated patients, only one out 
of 15 patients with metastatic breast cancer and two out of 21 
patients with metastatic lung caircer, who were tested prior to 
therapy, were seropositive; these values were not significantly 
different from our control experience. Only one out of 21 pa- 
tients with treated multiple myeloma and none of 12 {salients 
with treater! glioblastomas was seropositive. Likewise, RF was 
not detected in serum from any of 1 1 renal allograft recipients 
or 10 patients with multiple sclerosis wl»o had received cytotoxic 
drugs for the purpose of immunosuppression. Serum from each 
of 16 trealerl patients with metastatic tumors was tested for RF 
liter on three or more occasions over a period of at least two 
months Tilers of RF fluctuated, and at times patients were 
siTunr iMCvc (.haiigcs m HI' titers did not correlate with ap- 
prcc ialiic ( luiici's m tumor muss or in clinical status 

DISCUSSION 

A routine screening test demonstrated the presence of RF in 
serum from 85% of patients studied with breast or lung cancer 
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Table 1. Serologic aurvey for RF 


Age in yean 

Diagnosis (mean * SD) 

Metastatic breast carcinoma 16 : 9 

I Hi east carcinoma, no evidence 

I lit residual tumor 45:11 

i Mciustatic breast carcinoma 52 : 10 

S'lunmous cell carcinoma of 

' the lung " 55 1 7 

S(|uamous cell carcinoma of 
the lung 55 : 8 

! Multiple myeloma 56 i 6 

\ (ilioblastoma 56 : 7 

I Renal allograft recipients 26 i 9 

^ Multiple sclerosis 29 ± 8 

Healthy subjects 49 t 12 


j wlio liad received prior irradiation and/ or chemotherapy. This 
1 remarkably high rate of RF seropositivity with cancer reflected 
i patient selection (1,4,5). Therapy contributed to the occurrence 
of this humoral immune response; the prevalence of seroposi- 
i ti\ity was not increased among other patients with similar 
i neoplasms who had not been treated. Yet the production of RF 
cannot be ascrilied directly to the use of cytotoxic drugs since 
‘ patients without known neoplasms treated with these thera* 
pentic agents were seronegative. The presence of RF in serum 
fioin 89% of treated (satients without evidence of residual breast 
' cancer is of particular interest and could be related to residual 
foci of tumor or retained tumor antigen(s). However, the 
combination of alloantigens and cytotoxic drug therap> in renal 
‘ transplant recipients was not associated with HF production in 
this study. Furthermore, a high coincidence of RF and therapy 
wa.s not observed with all tyj)es of neoplasms, as exemplified 
herein by glioblastoma and multiple myeloma 
The basis for the high frequency of circulating RF with 
certain neoplasms after irradiation and/or chemotherapy is not 
understood. jSuch therapy is likely to increase the amount of 
antigenic miaterial released from tumor tissue. An immune 
rc.s|x)iise, which may include IgC, is likely to take place if 
tumor-related antigens reached competent lymphoid tissues 
It has been (xrstulated that antigen-antibodv complexes, which 
may be related to immune responses to tumors, circulate in 
()atients and animals with malignancies (12-15). When com- 
|)i(>xcd with antigen. IgC is probably eonformationally altered, 
which would increase the immunogenicity of IgC and favor 
RF production ( 16, 17). Thus, sequestration of tumor antigens 
by an intact blood-drain barrier ( 18) could explain the negative 
tests for RF on treated patients with gliobla.stomas. Humorai 
immunity is often impaired with multiple myeloma (19). 
Perhaps patients with multiple myeloma do not have the ca- 
pacity for an RF response. 

The frequent occurrence of RF seropositivity with certain 
soMiinunly occurring neoplasms in association with their ther- 
.i(>y has potential importance to tumor-host interactions. We 
li.iM- preliminary evidence tliat RF from the plasma of patients 
with rheumatoid arthritis may be toxic in the presence of 
complement to cells freed from some neoplasms. 

The relevance of RF to tumor-host interaction is presently 
‘ 'll Tiiinor iKMiefrom HI- sitoiiomIim- [ luhenis showed 
- ■ iter (legrce iii necrosis itian did tunior tissue troni other 
' ■ . • who \\>'re seroneg.itise in tlie (iresi-iit studs Since 

ti,M-RF IS a macromolecular substance, it is unlikely that RF 
releas»*d into the circulatisn could easily reach tumor tissue 
across the walls of blood vessels with a normal degree of per- 


Irradiation and/or 
chemotherapy 

Subjeett 

tetted 

RP teropotitive 
tubjeett 

Yea 

21 

20 

Yet 

19 

17 

No 

16 

1 

Yet 

21 

15 

No 

21 

2 

Yet 

21 

1 

Yet ' 

12 

0 

Yet 

11 

0 

Yet 

10 

0 

No 

21 

0 


meability. Thus, if RF does have potential for damaging tumor 
cells, its effect in vivo is likely to be most apparent within the 
circulation. In that case, RF may reduce the risk of establishing 
blood-borne metastases. However, it should be pointed out that 
the incidence of malignant disease is not reduced among pa- 
tients with rheumatoid arthritis, who usually maintain high 
circulating titers of RF. 
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APPENDIX 2 

Research Accomplishments 


REPRODUCiBlLri'Y Ul' i 

ORIGINAL PAGE 13 PtX- 


Tumor tissue Is comprised of malignant cells, Invading Immune reactive 
cells and stromal cells. The tumor cells are the specific target of interest in 
immunologic studies on tumor- host interaction. In other words, interpretable 
data must relate specifically to Injury caused to malignant cells as opposed to- 
the other cell types. 

The thrust of this work pertains ^o studies into the potential of rheumatoid 
factor (RF) positive blood being involved in a humoral cytotoxicity system to 
cancer cells. The impetus for this interest relates to our observation that about 
85% of patients with cancer who nave received conventional chemotherapy or ir- 
radiation therapy convert to RF seropositivity (Twomay, J.J., et al., Proc. Nat. 
Acad. Sci. USA 73:2106-2108, 1976). It is necessary that such studies be initiated 
in vitro. It was also our feeling that any cytotoxic effect that oeitained to 
RF involved complement fixation. 

The first nine months of the funding period was devoted to efforts in cell 
separation in an attempt to separate viable tumor cells from stromal and immune 
reactive cell.- freed from fresh human tumor tissue. A number of maneuvers that 
involved density gradient sedimentation over graded concentrations of albumin 
were attempted as tumor material became available for study from various operating 
rooms. These efforts proved unrewarding. This pinpoints the need for the develop- 
ment of new approaches to upgrade cell processing. This, from an immunobiologic 
frame of reference, should be well-suited for the attention of the aerospace 
bioprocessinr research program. 

During the latter part of funding, our efforts shifted to a different approach. 

Malign int nelniinma r. were th<- ■••’.Tir-cr nf these studies. Malignant melanTi 
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tumors were the subject of these studies. Malignant melanoma was selected 
because the neoplastic cells contain brown pigment, which rAadlly distinguishes 
them from other cells freed from tumor tissue. Two sources of human malignant 
melanoma were used: (a) Implants of human tumors grown in athymic nude mice and 

(b) when fewer cells were required for experiments, melanoma cells were derived 
from long-term tissue cultures. 

When human melanoma cells were incubated with RF positive plasma from 
patients with rheumatoid arthritis or from pateints with treated cancer, a 
complement-dependent, cytotoxic effect was not observed. . Similarly, a cytotoxic 
effect was not observed when incubations included normal plasma. However, when 
melanoma cells were incubated for 90 minutes with both rheumatoid and normal 
plasmas, a complement-dependent, cytotoxic effect was observed (Table 1). It 
can be seen from the data that a significant percentage of the tumor cells were 
injured in these incubations. Cytotoxicity was observed when RF plasma was derived 
either from patients with rheumatoid arthritis or from patients with treated cancer. 
The cytotoxic effect was lost when RF was adsorbed with glutaraldehyde cross- 
linked human gammaglobulin from the test plasmas. 

TABLE 1 


Plasmas Tested for Cytotoxicity 

Tumor Cell RF Positive 


Number 

Source 

Normal 

RA 

Cancer 



(% Tumor cells Injured) 

1 

MI* 

8 

48 

17 

2 

MI 

1 

36 

17 

3 

Ml 

0 

32 

36 

4 

MI 

2 

43 

30 


TQ** 

0 

45 

23 

5 

MI 

3 

35 

8 


TC 

0 

53 

35 

c 


r- 

21 

22 



2 

25 

27 

0 


0 

21 

16 


♦Mouse implant 


♦♦Tissue culture 
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i Experinents vere done using a single source of melanoma cells and the 

i 

! same normal human plasma collection. Cytotoxicity with six ‘different rheumatoid 

' arthritis plasmas with high RF titer was tested. It can be seen from Table 2 

"I* I 

that not all RF positive plasmas supported a comparable level of tumor cell 
cytotoxicity. One plasma lost its cytotoxic activity after six months of 

• , 

storage at -70°C (^3). It should be noted that this loss of cytotoxicity 
was not accompanied by a loss of RF. 


TABLE 2 


Test Plasma 

RF Titer 

Per cent 
Cells Injured 

1 

1:2560 

36 

■ 2 

1:2560 

32 

3a 

1:2560 

32 

b 

1:2560 

2 

4 

1:1280 

25 

5 

1:1280 

16 

6 

1:1280 

13 


Studies vere performed using serial dilutions of rheumatoid arthritis 
plasma with uadilutod normal plasma and a singlfe preparation of melanoma cells. 
Conversely, similar studies were performed using serial dilutions of normal 
plasma with undiulted rheumatoid plasma and the same preparation of tumor cells. 

It can be seen from the Figure that cytotoxicity was gradually lost with increasing 
dilutions of rheumatoid plasma. However, the cytotoxic contribution of the normal 
plasma was mostly dissipated by as little as a 1:2 dilution. 

Our studies indicate that KF positive plasma contributes to tumor cell 
injury in a complex, complement-dependent humoral immune system. This involves 
a substance present in relatively high titer in RF positive plasma from either 
rheumatoid or cancer patients, plus a second substance present at much lower titer 
:n • ; ■; , \ similar humoral cytotoxicity r.v-r^m may be operati”C' 

in vivo and may be a significant factor in clinical Improvement observed with 
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chemotherapy or irradiation therapy which induces an RF response. If indeed this 
proves to be the case, this immune system is deserving of much attention since, 
through its direct application, it may prove ultimately possible for patients to 
derive benefit from same without prior cytotoxic or immunosuppressive exposure 
to cytotoxic therapy. 

A considerable volume of additional research has substantiated and extended the 
studies listed above. These studies have been conducted in our laboratory since 
this contract was terminated. We intend to pursue these studies further. It is 
our belief that the aerospace program could make considerable contribution t-^ this 
area of research. May 1 suggest two areas for thought: (1) The separation of 

tumor frnm other tvpeq of cells freed from fresh tumor tissue and, therehv, extend 
the r. --’0 ‘ ’t ir.- ir’-n.ihl- ‘or -imiiar stMdi>_’s. 2) The separatirr 
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of substances present in rheumatoid and normal plasma that contribute to 
the observed phenomenon so that they can be characterized biochemically, studied 
functionally, and perhaps, later applied to clinical medicine in our quest 
for an answer to the cancer problem. 


